In this article, an experimental study has been conducted to provide better understanding of the transient characteristics of a dual compensation chamber loop heat pipe (DCCLHP) subjected to the acceleration force. A new acceleration test rig was set up to provide the acceleration up to 11 g with three different directions. The heat load on the evaporator ranging from 25 W to 300 W was applied with the acceleration force simultaneously.
Introduction
With the ever-increasing number of on-board electronic devices, the power level and the component integrated density become larger and larger. It is recognized that the localized heat flux of the component can be up to 100 W/cm 2 . It is, therefore, imperative to develop new techniques to remove the heat dissipation from the avionics since the capability of the typical cooling system is insufficient. Nowadays, among cooling techniques for electronic devices, loop heat pipes (LHPs) are considered as one of the most attractive ways to achieve high efficiency of heat transfer [1, 2] .
LHPs utilize the vapor-liquid phase change of the working fluid to transport the heat between the evaporator and the condenser. The circulation of the fluid is driven by the capillary forces developed in the porous wicks. The advantages of the flexibility, temperature control and heat transport capability can make LHPs extend to the applications of terrestrial surroundings, aircraft, submarine and high-speed railway [3] [4] [5] [6] . Over the past two decades, a large number of experimental, theoretical and numerical simulation studies on LHPs have been reported to provide useful data to comprehensively understand the physical mechanisms under various operating conditions and to optimize their design [7] [8] [9] [10] .
In terrestrial gravity environment, the relative position of different components will significantly influence the liquid-vapor distribution and bubble movement in the loop due to the effect of the gravity, which induces different startup behaviors and steady-state operating performances of the LHP [11, 12] . Compared to conventional LHP with a single compensation chamber (CC), the dual compensation chamber loop heat pipe (DCCLHP) was developed by configuring two CCs on the two ends of the evaporator to achieve the liquid supply for the primary wick under any orientation in terrestrial gravity.
It appears from the previous investigations that there are quite few reports on the operating performance of DCCLHP. Gerhart and Gluck [13, 14] designed a DCCLHP and verified that it could work successfully at different orientations. Their experimental results showed that the heat transfer coefficient and operating temperature were evidently different in different evaporator and CCs orientations. Wolf and Bienert [15] investigated the effect of the relative elevation of the evaporator and condenser on the temperature control characteristics of the conventional LHP and DCCLHP. It was found that the operating temperature increased as the evaporator was elevated above the condenser. Long and Ochterbeck [16] experimentally studied the influence of the transient cyclic heat loads and orientations on the performance of a DCCLHP. They found that the startup temperature overshoot augmented with the increase of the tilt of evaporator and it had a similar performance under both constant heat load and cyclic heat load with the frequency being more than 0.1 Hz. Lin et al. [17] also designed a DCCLHP and confirmed the normal operating at any orientations. However, the operating performance was different under different orientation conditions. Bai et al. [18] experimentally studied the startup behavior for a DCCLHP with insufficient inventory and found that it could still start up at 5 W but the temperature overshoot sometimes was large. They considered that the different startup behaviors resulted from the variation of the liquid-vapor distribution and the heat leak from the evaporator to the CCs. In addition, they also investigated the temperature hysteresis, reverse flow and temperature oscillation. Lin et al. [19] carried out visual observations of the flow inside the DCCLHP and studied the start-up behavior, operating characteristics and instability. They presented detailed analyses to give insight into the operating mechanism based on the observations. Chang et al. [20] designed a DCCLHP with the visualization of CCs for the aircraft anti-icing system and carried out the experimental investigation on the thermal performance. They found that the DCCLHP could start up successfully with the heat loads from 10 W to 180 W. The angle of attack could affect the operating temperature significantly and cause temperature oscillations of the whole system.
However, the on-board electronic devices always suffer from a variety of acceleration forces when the fighter aircraft maneuvers and combats. The effect of the acceleration forces will change the performance of the cooling devices. For instance, the LHP could not start up or reach a steady state because the liquid working fluid wasn't able to sufficiently wet the capillary wick under such an acceleration field. Currently, there are only a few literatures which present the operating characteristics of the conventional LHP and DCCLHP. For the startup behavior and operation performance of a miniature aluminum-ammonia LHP in elevated acceleration environment, the impact of varying heat load, acceleration magnitude (from 0 g to 4.8 g) and direction was experimentally studied by Ku et al. [21, 22] . Their results depicted that the LHP could normally start up but temperature fluctuation happened under some acceleration conditions. Fleming et al. [23] experimentally investigated the effect of different evaporator heat inputs (from 100 to 600 W) and radial accelerations (from 0 to 10 g) on the performance of a titanium-water LHP. It was found that dry-out conditions happened more readily at from 100 to 400 W and the reprime could be obtained after an acceleration event. The radial acceleration had little effect on the evaporative heat transfer coefficient and thermal resistance of the LHP. But the evaporator wall superheat was higher at steady state elevated accelerations comparing with 0 g. Yerkes et al. [24] carried out experimental studies on the transient operating characteristics of a titanium-water LHP under combined constant heat load and steady-periodic acceleration fields. Radial acceleration peak-to-peak values and frequency of the sine wave ranged from 0.5 g to 10 g and 0.01 Hz to 0.1 Hz, respectively. The heat load ranged from 300 W to 600 W. The results showed that the less detrimental influence there was on the LHP performance under the effect of higher acceleration frequencies and peak-to-peak amplitudes. Conversely, decreased acceleration frequency and increased peak-to-peak amplitude appear to have a greater detrimental impact on the LHP performance.
Later on, the transient operating performance of a titanium-water LHP subjected to a phase-coupled evaporator heat input and acceleration field was discussed [25] . Both evaporator heat inputs (from 100 W to 700 W) and radial accelerations (from 3 g to 10 g) were generated as periodic sine wave at the frequency of 0. . It was found that the phase angle and condenser temperature could affect the time of LHP operating failure. This was partially due to the natural frequency of the fluid motion inside the condenser, which was effected by the induced forces resulting from the driving frequency of the acceleration coupled to the frequency of the heat input. Xie et al. [26] conducted experimentally investigation on the operating performance of a DCCLHP under terrestrial gravity and elevated acceleration conditions. The effect of the acceleration could be regarded either as an additive heat load or as a cold load. The transition of the operation mode was the function of the acceleration direction, magnitude and heat load.
To the best knowledge of the authors, there are no detailed data available in the open literatures on the effect of the acceleration forces on the operating characteristics of the DCCLHP. Hence, the objective of the present study is to provide a comprehensive experimental data exploring the transient operating performance of a DCCLHP subjected to variable heat loads and radial acceleration forces. In the current study, the evaporator heat load 6 and acceleration force are applied at the same time. Three different directional acceleration configurations at different acceleration magnitudes (up to 11g) are taken into account.
Experimental apparatus
In the current work, an experimental test rig that is used to investigate the transient operating performance of a DCCLHP subjected to acceleration forces was constructed at the Reliability and Environmental Engineering Laboratory at Beihang University, Beijing, China.
Experimental setup
The diagram of the experimental system is schematically shown in Fig. 1 The data acquisition and control subsystem is mainly composed of a computer, data acquisition instrument (Agilent 34970A), resistance temperature detectors (RTDs) Pt100, electric resistance heater and precision DC power supply. The flexible polyimide film electric resistance heater was adhesively attached to the outer surface of the evaporator to apply the heat load. The range of 0-400 W can be adjusted by both altering the output voltage and current of the DC power supply (DH1716A-13) ranged from 0 to 250 V and from 0 to 5 A, respectively.
The temperatures at all test points and the mass flow rate were recorded by the Agilent 34970A
and saved in a remote computer located in the control room.
In the acceleration simulating and control subsystem, the acceleration force was created by spinning clockwise of the rotary arm of the centrifuge, which was driven by an electric motor.
When the centrifuge operated, the radial acceleration up to 11g could be generated at the end of the rotary arm. The continuous operation for no more than an hour was required because of safety concerns. The acceleration controller could regulate the rotational velocity of the centrifuge with an accuracy of ±5% of the given value. The liquid collecting rings and the electric slip rings installed in the centrifuge axis well linked up the stationary and rotational parts of the cooling water tubes, signal wires and electric wires for heating, respectively. They kept the liquid flow and the electric current working properly. A photo of the centrifuge and the test section mounted on the rotary arm was shown in Fig. 2 .
In the current work, a stainless steel-ammonia DCCLHP with insufficient fluid inventory, which means the evaporator core could not be filled fully with liquid under all conditions, was manufactured in the China Academy of Space Technology. Fig. 3 illustrates a picture of the experimental DCCLHP and the detailed construction of the evaporator and the CCs. The outline size of the DCCLHP is 565 mm×469 mm×25 mm. A primary nickel wick with a pore radius of 1.5μm was housed in the evaporator envelope. In order to route the gas and vapor bubbles out of the evaporator core at any orientation, the bayonet was present and extended to the middle point of the evaporator core. The liquid and vapor transport lines as well as condenser line were all stainless steel smooth-walled tubes with an outer diameter of 3.0 mm. Table 1 shows a summary of the major design parameters of the experimental DCCLHP. The condenser line was welded to several cooling copper fins which were mounted on the top side of the cold plate with thermal conductive grease. All the components of the DCCLHP were wrapped with insulation materials and installed in a stainless steel enclosure, which was crammed with glass wool for thermal insulation.
Non-uniform radial acceleration forces for the whole enclosure were induced when the test section assembly was mounted on the end of the rotary arm. In order to meet the requirement of GB/T 2423.15, the acceleration magnitude should range from 90% to 130% compared to the value at the center over the test section. This could be accomplished by changing the setting value of the rotating radius of the centrifuge.
In the current work, sixteen RTDs were used to monitor the temperature profile in the experiment. Fig. 4 schematically presents the positions of the RTDs along the loop, which was placed horizontally on the rotary arm. RTD1 and RTD2 were attached on the top and bottom of the CC1 outer surface, respectively. RTD3, RTD4 and RTD5 were located on the evaporator. RTD 6 and RTD7 were attached on the top and bottom of the CC2 outer surface, respectively. 8 The cooling water temperatures at the inlet and outlet of the cold plate were measured by directly submersed RTD14 and RTD15, respectively. RTD16 was used to monitor the ambient temperature.
Calibration and validation
Prior to the formal experiment, calibrations of the RTDs were carried out over two temperature ranges on the basis of the estimated operating temperature. During the calibration, a constant-temperature bath was used to obtain the required temperature range. A standard platinum RTD with a resolution of ±0. When a steady state reached, the thermal conductivity λ could be calculated by the Fourier's law:
where Q cw is the heat extracted to the cooling water, L is the distance between two RTDs locations on the bar, ΔT is the temperature difference between two RTDs located on the bar, A is the bar section area.
Comparison with the known value from Yu [27] was made based on the obtained test data and the test relative error of the thermal conductance was 8.4%.
Experimental procedure and uncertainty analysis
The following presents the experimental procedure, heat loss calculation for experimental setup, test data process and uncertainty analysis.
Experimental procedure
Prior to each experiment, the test section enclosure was mounted horizontally at the proper For configuration C, the axis of the evaporator and CCs placed at the outer edge was perpendicular to the direction of the radial acceleration.
Firstly, the data acquisition and control subsystem and water cooling circulation subsystem were turned on in turn. The cooling water started circulating flow until the whole system reached a steady state. Then the startup time of the centrifuge was set to 30 s which was the time required for the acceleration to reached a set value. Switch on the power supply for the heater while starting the centrifuge to applying the thermal load and acceleration force at the same time. A series of experiments were firstly carried out in terrestrial gravity to achieve the basic operating behavior of the DCCLHP. Then the effect of different magnitudes and directions of the acceleration, as well as heat loads on transient operating performance was investigated.
In 
Heat loss calculation
The total power, which was the product of the voltage and current output from the precision DC power supply, consisted mainly of the following three parts. The first part was the voltage drop power loss caused by the resistance of the wires themselves. The wire length was more than 15 m between the heater and the control room, which led to non-negligible voltage drop.
The power loss could be achieved by multiplying the voltage drop and the current. The second was the heat loss. Because the surface temperatures of the evaporator, CCs and transport lines were larger than the surrounding temperature in general, thermal transport from these components to the surroundings contributed to the heat loss. The third part was the heat extracted to the cooling water, which was the primary heat input on the evaporator. Therefore, the heat loss Q loss could be calculated approximately by the following expressions.
Where U and I are the voltage and current output from power supply, respectively, Q vd is the voltage drop power loss, m is the mass flow rate of the cooling water, c is the specific heat capacity, T in is the inlet temperature of the cold plate, T out is the outlet temperature of the cold plate.
In all experiments, the maximum value Q loss /Q e was not more than 16.7%.
Uncertainty analysis
The uncertainty of the physical quantity R, which was a function of the measured variables
. . x i , could be calculated by the following expression [28] .
where δx i denotes the uncertainty of the ith measured variable.
In the present work, the thermal conductance of the DCCLHP was determined by the evaporator temperature and the cold plate temperature:
where G is the thermal conductance, T e is the evaporator temperature, T cp is the average temperature of the cold plate, which can be calculated by Eq. (6):
As taking into account the effect of the RTDs, electric wire, slip rings, junction terminal and data loggers, the accuracies of the temperature measurements were approximately ±0.5 o C. The maximum uncertainty of the temperature was 2.6%. The maximum uncertainty of the voltage and current was 4.6% and 2.9%, respectively. As a result, the maximum uncertainty of the heat load was 5.4%. According to Eq. (5) and (6), the maximum uncertainty of the thermal conductance was approximately10.5%.
Results and discussion
The following sections will address both the startup and operating characteristics of the DCCLHP as it was subjected to different acceleration directions, acceleration magnitudes and heat loads on the evaporator based on a series of experiments. could be divided into three phases: the terrestrial steady phase, the acceleration phase and the unloading phase. In the terrestrial steady phase, the DCCLHP is operated at a steady state with the effect of the cooling water. The acceleration force and the heat load are applied during the acceleration phase, whereas the acceleration force is removed in the unloading phase.
Effect of the acceleration directions
As can be seen clearly in Therefore, the startup is deemed a success and the startup time is approximately 4 s.
When the acceleration force is applied, the vapor-liquid distribution is changed due to the force effect, as shown in Fig. 7(a) . The liquid of the working fluid in the CC1 and evaporator core will be pushed into the CC2. As a result, the level of the liquid in the CC1 reduces to the evaporator core, but the level in the CC2 rise above it. This distribution will result in the increase of the heat leak from the evaporator to the CC1 and decrease to the CC2. Therefore, the CC1 temperature increases obviously. The CC2 temperature starts to drop until 199 s due to the returning liquid cooling. Under the effect of the acceleration force during the initial period, the liquid with lower temperature in the condenser flows through the right bends of U-shaped coils and easily enters the liquid line and goes back to the evaporator. Consequently, the temperature from RTD9 to RTD13 drops. With the increase of the condensation temperature in the condenser, the temperature from RTD9 to RTD13 rises in turn. As an equilibrium state of the loop reaches finally, the temperature of the evaporator, CC1 and CC2 are 25. In the unloading phase, the gravity will make the liquid in the CCs and evaporator core to be in the same level again. It is noted that the heat leak from the evaporator to CC2 increases.
Therefore, the CC2 temperature shows a steep rise with the increase of the evaporator temperature. In the current work, the operating performance after unloading the acceleration 13 force will not be discussed here in detail.
For the case of configuration B, as demonstrated in Fig. 6(b) , the evaporator temperature shows a steep rise as the heat load is supplied at 63 s. The RTD8 temperature increases approximately 0.4 o C. In the meantime, the temperature of RTD9, RTD10 and RTD11 changes slightly. Nevertheless, the RTD12 and RTD13 temperature shows no obvious changes. The reason could be that the fluid flow in the external loop is driven by the acceleration force. Since the radial acceleration force is small and the tangential acceleration force will dominate during the initial period, the liquid with lower temperature in the coils of the condenser is driven to pass through the right U-shaped bends and then enters the liquid line.
However, it is almost at 69 s that the RTD8 temperature begins to decrease rapidly and the RTD13 temperature increase remarkably, as well as both RTD9 and RTD10 temperatures decrease sharply. It is noted that the RTD11 temperature increases dramatically starting from According to the graphs shown in Fig. 8 , it could be found that the RTD4 and RTD8
temperatures increase immediately as the heat load is applied for three different configurations. Under configuration B, when the acceleration force and heat load are applied at 61 s, the RTD8 temperature increases immediately and the RTD11 temperature drops, as shown in Fig.   8(b) . This indicates that the vapor occurs and enters the condenser, as well as the subcooling liquid from the condenser flows into the liquid line. It is at 67 s and 71s that the RTD11 and RTD13 temperatures begin to increase sharply, respectively. With the aid of the CC1 and CC2
temperatures, it is believed that the CC1 is almost full of the cooling liquid and the CC2 is filled with a large amount of vapor under the effect of the acceleration force. Therefore, the heat leak from the evaporator to CC1 is small whereas to CC2 is large. The RTD1 and RTD2
temperatures show a slight rise but the RTD6 and RTD7 temperatures increase rapidly.
With the input of the heat load, the loop temperatures except for CC1 begin to oscillate at a certain time after 110 s and the amplitude become larger and larger gradually. It is difficult to The underlying physical mechanism during the temperature oscillations and the interactions among the DCCLHP various components could be explained as the following. When the RTD11 temperature begins to drop from the peak, the vapor front would go back to the condenser and recede gradually. Since additional liquid from the CCs via the bayonet is used to replenish the space left by the vapor recession, the liquid flow in the liquid line would reverse.
Under this situation, the reverse liquid flows in the liquid line and the forward vapor flows in the vapor line, both are existed simultaneously. As the liquid recedes inside the condenser, the acceleration pressure head would increase. In order to balance the loop pressure, the capillary pressure difference increases which requires the CC2 temperature to rise. The loop pressure is balanced as the CC2 temperature reaches its peak value. In the meantime, the evaporator temperature also increases and reaches its peak value. Consequently, the vapor front stops receding and starts to advance. At the same time, the liquid length inside the condenser reaches its maximum as well. When the front goes forward and arrives at some point in the condenser, the RTD11 temperature falls to its valley value. As soon as the front advances, the acceleration pressure head decreased. The relevant capillary pressure difference decreases to balance the loop pressure. As a result, the CC2 temperature drops and the evaporator temperature drops following the CC2. As the front advances, the subcooling of the liquid from the condenser reduces. This results in the RTD11 temperature increases. It would reach the peak value until a certain time after the vapor-liquid front rushed out of the condenser. The front rushing out could be due to the insufficient inventory of the working fluid and the flow inertia effect as well. When the subcooling of the returning liquid could not balance the heat leak, the CC2 temperature stops falling and starts to rise. This starts the next cycle of the loop rise and fall above.
However, it is very difficult to completely explain the fluid flow and temperature oscillations.
It could be the reason of the complexity and instability of the two-phase flow and heat transfer, impacted by many coupled factors such as the acceleration force, degree of subcooling, heat load and mass flow rate. It is also related to the adaptation of the CCs volume and the fluid inventory. Temperature oscillation is undesirable because of the deleterious effects on the precise temperature control in practical application. Therefore, it is extremely essential that the oscillation mechanism is further investigated.
As can be clearly seen from Fig. 8(c) , the RTD8 temperature increases immediately as soon terrestrial gravity, the effect of the acceleration force promotes the DCCLHP operating under a small heat load. However, the reverse effect occurs at a moderate heat load. For the cases of configuration B and C at 5 g, the DCCLHP can reach a steady state and has a lower operating temperature. When the heat load is no more than 150 W, the operating temperature under configuration B is larger than that under configuration C. However, the opposite happens as the heat load is no less than 200 W.
In Fig. 9(b) , it is seen that the thermal conductance at 5 g generally shows a trend of increase with the increase of the heat load under acceleration and terrestrial conditions. For the thermal conductance at a fixed heat load, there is a relatively large difference among various configurations and terrestrial as the heat load does not exceed 200 W, whereas a small value as the heat load is not less than 250 W. When the heat load exceeds 150 W, there is nearly the same thermal conductance at a fixed heat load under between terrestrial gravity and configuration A.
In terrestrial gravity, the condenser is not fully opened as heat load is less than 300 W. The DCCLHP operates at variable conductance mode (VCM). For configuration A, it operates at VCM at both 25 W and 80 W and at constant conductance mode (CCM) at 300 W. For configuration B, the heat loads at VCM and CCM range from 25 W to 150 W and from 200 W to 300 W, respectively. For configuration C, the thermal conductance ranges from 14.7 W/K to 21.4 W/K. It is only at 300 W that the loop operates at CCM since the condenser is fully used.
To sum up, the effect of the acceleration force changes the startup behavior and operating mode of the DCCLHP. The impact of the acceleration direction on the operating temperature is significant at small heat load (≤150 W) but is weak at large heat load. The effect of the acceleration direction changes the heat load range of VCM or CCM.
Effect of the acceleration magnitude
Fig . 10 shows the temperature profiles of the loop at 80 W under terrestrial gravity and under configuration A at 5 g. As can be seen from the figure, the loop temperature shows a gradual increase to its maximum value following a near steady value in terrestrial gravity. But it slowly goes up to a constant value under configuration A. Under both conditions, there is an obvious difference for the RTD6 and RTD7 temperatures of the CC2.
In Fig. 10(a) , once the heat load is applied at 41 s, the RTD4 temperature augments from After 343 s, the RTD1 and RTD4 temperatures augment again. It is at 403 s that the RTD9 temperature begins to descend, which shows the vapor-liquid interface recedes to a certain point before RTD9 point in the condenser. The condenser is not fully opened. The RTD6 and RTD7 temperatures are lower than that of the RTD1 and RTD2 due to the cooling effect of the returning liquid. Because the evaporator temperature gets to 50.8 o C at 893 s, the heat load is removed when taking the safety into consideration. Then the temperatures of the evaporator 22 and the CC1 decreases gradually but the RDT13 temperature increases rapidly.
For the case of configuration A, as presented in Fig. 10(b) , the startup behavior is similar to the case of terrestrial gravity, as shown in Fig. 10(a) during the initial approximate 20 s when switching on the acceleration force at 79 s. Under this condition, the vapor-liquid distribution is similar to the case as shown in Fig. 7(a) . Thereby, the heat leak declines from the evaporator to the CC2. In the meantime, the returning liquid with some degree of subcooling cools the fluid in the CC2. Consequently, the RTD6 and RTD7 temperatures do not ascend.
It is at 929 s that the RTD9 temperature begins to descend quickly. It shows that the vapor front recedes to some point before the RTD9 point in the condenser and the condenser is not As can be seen in Fig. 12(b) , the thermal conductance at 250 W and 300 W is obviously larger than that at 150 W under acceleration conditions. There is nearly the same value at 250 W and 300 W for a fixed acceleration magnitude. When the heat loads are 250 W and 300 W, the thermal conductance ranges from 21.4 W/K to 22.9 W/K under acceleration conditions. In addition, compared with the values at gravity terrestrial, the thermal conductance is larger under acceleration conditions. Finally, it takes approximate 1100 s to reach the steady state. Because of the vapor-liquid distribution in the CCs is similar to that shown in Fig. 7(c) , the heat leaks are almost equal from the evaporator to CC1 and CC2. Therefore, the RTD1 and RTD6 temperatures are nearly the same. It is believed that the condenser is not fully opened according to the RTD10 and RTD11 temperatures.
For the case of 5 g, after the DCCLHP starts up, there is a large peak for the RTD1, RTD4, RTD6 and RTD8 curves. It takes approximate 800 s for the loop to reach a thermal equilibrium state (the profiles do not be shown in Fig. 13 ). The final operating temperature is 26. acceleration conditions for configuration C. As is shown in Fig. 14(a) , it is found that the effect of the acceleration magnitude has a significant impact on the operating temperature under configuration C. As the acceleration is large, the operating temperature change shows a trend of decline with the increase of the acceleration magnitude. The operating temperature at large heat load is higher than that at small heat load under acceleration conditions. Moreover, the effect of the acceleration force on the loop temperature becomes weak when the acceleration magnitude C at 0g, 3g, 5g, 7g, 9g and 11g, respectively.
As can be seen in Fig. 14(b) , the thermal conductance shows an obvious increase with the increase of the acceleration magnitude under configuration C. In accord with the operating temperature change, thermal conductance at large heat load is also larger than that at small heat load under acceleration conditions. When the acceleration magnitude is below 7 g at 200 W, the range of the thermal conductance is from 8. 
Conclusions
Experimental studies were conducted to investigate the startup behavior and operating characteristics of a DCCLHP with insufficient fluid inventory. The impact of the various control parameters such as heat load, acceleration magnitude and acceleration direction was analyzed in a systematic manner. Major findings based on the experimental results were as follows:
(1) The DCCLHP can start up at the small heat load of 25 W under acceleration conditions.
It started up within a very short time at large heat load. Even at a fixed heat load, the DCCLHP can have a different startup behavior as it was subjected to different direction acceleration force, owing to the different vapor-liquid distribution in the evaporator and CCs.
(2) In general, the operating temperature was higher in terrestrial gravity than that under acceleration conditions. The impact of acceleration direction and magnitude on the operating temperature was significant at small heat load (≤150 W). But it was weak at large heat load.
The acceleration force effect can change the heat load range of VCM or CCM. Table 1 Major design parameters of the experimental DCCLHP 48 Research Highlights:
 The DCCLHP transient performance is studied experimentally in acceleration field.
 Acceleration effect significantly impacts the startup behavior at small heat load.
 Acceleration effect can change the operating mode and relevant heat load range.
 Temperature oscillation and reverse flow phenomena are observed in the experiment.
